The investigation was carried out to evaluate the effect of different organic manures on turmeric with reference to vegetative growth, biomass production, rhizome yield and its attributes of turmeric (Curcuma longa L.). Turmeric showed better response to the application of organic manures. Plant with neem cake application had the taller plant (79.30 cm), maximum number of tillers per plant (5.40), leaf number (5.40), leaf area (44.09) leaf area index (0.429), fresh weight of halum ( 190.05g), fresh weight of root (49.13 g), fresh weight of rhizome per plant (256.21 g) and dry weight of halum (15.21g), dry weight of root (7.32 g), dry weight of rhizome per plant (40.35 g), total dry matter yield (6.85 t ha -1 ) than those received other types of manures. Moreover, yield attributes such as number of mother rhizomes per plant -1 (1.75), more number of primary rhizomes per plant -1 (5.19), secondary rhizomes per plant -1 (18.03) and tertiary rhizomes per plant (7.69) were also highly accelerated by neem cake application. Similarly, the same treatment expressed the best in terms of size of mother rhizome (7.69 cm), primary rhizome (21.86 cm) and secondary rhizomes (7.05 cm).All these parameters in cumulative contributed to produce the highest estimated fresh rhizomes yield & cured rhizomes yield (29.48 t ha -1 , 5.59 t ha -1 respectively). The highest curing percentage (20.28) was observed in T 3 treatment having mustard cake@ 2.0 t/ha. Thus, organic manure like neem cake was best fitted natural fertilizer for turmeric cultivation.
Introduction
Turmeric (Curcuma longa L.) is an herbaceous perennial plant belonging to the family, Zingiberaceae and order Scitaminae. It is an ancient, most valuable, sacred spice of Bangladesh that contains appreciable quantities of proteins (6.3%), lipids (5.1%), carbohydrates (69.4%) and fibre (2.6%). Turmeric is rich in minerals like phosphorus, calcium, iron and vitamin A. Turmeric is a horticultural root-crop that is important not only as a spice and cosmetic, but also as a medicinal plant worldwide (Hermann and Martin, 1991; Osawa et al., 1995; Sugiyama et al., 1996; Nakamura et al., 1998; Ishimine et al., 2003; Hossain et al., 2005ab) .
Turmeric originated in South-East Asia. It is grown in Bangladesh in about 16.06 thousand hectare with an annual production of 41.50 thousand tons (BBS, 2009) 
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Turmeric being a long duration (8-9 months) exhaustive crop responds well to nutrition. Hence, optimum dose of nutrients is essential to get good yield. Chemical fertilizer, herbicide and pesticide used in agriculture for increasing yield and controlling weeds and pests can contaminate the water, air and food, decrease soil fertility, inhibit growth of soil microorganisms and hazard human health (Parr et al., 1991) . This negative effect of agricultural practices could be reversed by the correct utilization of manures and/ or crop residues within cropping system either alone or in combination with organic fertilizer (Mandal et.al, 2007) . Beside these, utilization of organic manure in agriculture is recommended for retaining productivity of problem soils, reducing the usages of chemical fertilizer, improving economy in agriculture and minimizing environmental problems (Xiao et al., 2006) . Organic farming assumes significant globally towards sustainable production and quality up gradation of turmeric (Sadaanadan, 1998) . The adverse effects of continuous use of high dose of chemical fertilizers on soil health and environment were realized; hence, the farmers are also showing considerable inclination towards traditional farming with least usage of fertilizers. The role of organic manures in improving soil structure and fertility is well understood. Organic manures have positive influence on soil texture and structure, better water holding capacity and drainage which in turn help for better growth and development of rhizomatous crop like turmeric (Kale et al., 1991) .
Considering the economic importance of turmeric and environmental problems caused by chemicals application, it is important to cultivate turmeric using organic fertilizer. Different organic manures influence differently in terms of yield and quality of turmeric. Hence, it is necessary to know the best source of organic manure which could help in increasing the yield and quality. In view of this background, this study was aimed to evaluate the effect of different organic manures on turmeric yield and quality.
Materials and Methods
Field experiment was conducted during 2010-2011 using high yielding variety of turmeric BARI Halud-3, using different organic manure at Spices Research Centre, BARI, Gazipur. A description of some chemical properties of experimental soil collected from a depth of 0-15 cm prior to application of fertilizers is presented in Table 1 . Soil analysis was done following ASI method (Hunter, 1984) . The experiment was laid out in a randomized complete block design (RCBD) with three replications having five treatments: cowdung @15 t/ha, poultry manure @ 7.0 t/ha, mustard cake @ 2.0 t/ha. neem cake @ 2.0 t/ha and control (Without organic and chemical fertilizer). All of the manures were applied one week before sowing. Manure pH in H 2 O was determined with a TOA pH meter HM-20S (Toa Electronic Ltd. Japan). Nitrogen concentration was determined following microKjeldahl method (Black, 1965) . For determination P & K, plant samples were digested with nitric-perchloric acid solution and absorption of color was measured with spectrophotometer at 660 nm wavelength and flame photometer, respectively. Chemical compositions of the manures are presented in the Table 2 . The crop was fertilized with 100 kg N ha-1, 100 kg P ha -1 , 87.5 kg K ha -1 13 kg S ha -1 and 2.5 kg Zn ha -1 as triple super phosphate (TSP), muriate of potash (MoP), zinc sulphate and gypsum, respectively. Half of nitrogen and all phosphorus, potassium, sulphur, zinc was applied at the time of final land preparation and the remaining nitrogen was applied at 80 and 110 DAP followed by irrigation. Rhizomes of BARI Halud-3 were planted in 20 April, 2010. All other agricultural practices were done according the Spices Research Centre recommendation for turmeric production (Anon., 2005). The crop was harvested at 12 February, 2011 after complete maturity, as indicated by the leaf drying and falling down of plants. To evaluate vegetative growth parameters and yield influenced by the manure, plant height, tiller number, leaf number, leaf area, leaf area index, leaf biomass, shoot biomass, total dry matter and yield (rhizomes number, weight, size, and rhizome dry matter) were recorded on five randomly selected plants in each of the treatment and mean was computed. Harvest index and curcumin content was done following the procedure suggested by Donald (1962) and Manjunath et al., (1991) , respectively. Curing percentage was computed by deducting dry weight of rhizomes after curing from fresh weight of rhizomes and divided by fresh weight then multiplied by percentage. The data obtained were statistically analyzed by MSTATC computer software program (Bricker, 1991) .
Results and Discussion

Vegetative growth and biomass production
Vegetative growth and biomass production of turmeric significantly influenced with all types of organic manure as presented in Table 3 . The plant grown in organic manure had the maximum plant height, number of tillers/plant, leaf area, leaf area index, fresh weight of (halum, root, rhizome, per plant) dry weight of (halum, root, rhizome, per plant ) and total dry matter compared to that of control. The plants with the manure remained green longer and had higher plant height, number of tiller, larger leaf area and greater leaf biomass and total dry matter (Table  3) , which ultimately provided longer and higher photosynthesis process and resulted in a higher rhizome yield of turmeric. Similar results were obtained in previous studies (Ishimine et al., 2003; Hossain et al., 2005a) . Among the treatments, the taller plant (79.30 cm) and maximum number of tillers per plant (5.40), leaf number (5.40), leaf area (44.09) leaf area index (0.429), fresh weight of halum (190.05g), fresh weight of root (49.13 g), fresh weight of rhizome per plant (256.21 g) and dry weight of halum (15.21g), dry weight of root (7.32 g), dry weight of rhizome per plant (40.35 g), total dry matter yield (6.85 t ha -1 ) were obtained from the treatment T 4, with neem cake @ 2.0 t/ha. Although the vegetative growth and biomass production of T 4 treatment were clearly identical to that of other organic manure treatments and it was statistically similar with another treatment T 2 having poultry manure@ 7.0 t/ha except plant height and number of leaves/plant. However, leaf number and plant height increased slightly with the cow manure application than those with poultry manure (Table 3) .
The better performance of plants with neem cake was probably because it acted as natural fertilizer with pesticidal properties which protects plant roots from nematodes, soil grubs & white ants and performs as a nitrification inhibitor and prolongs the availability of nitrogen to short duration as well as long duration crops. Beside these, it improves the soil condition considerably and protects the soil during the droughts. The manure provided nutrients (Table 2) to the plants and may improved edaphic factors, which resulted in higher vegetative growth parameters (Table 3) . These results are in good agreement with the findings of several researchers which revealed that organic manuring increased the vegetative growth and biomass production effectively (Roy et al., 2010; Dinesh et al., 2010; Mohapatra & Das, 2009; Manikerri, 2006) 
Yield & quality of turmeric
Significant differences were noticed for yield, yield attributes and quality of turmeric due to the application of various organic manures. Among the organic manures, neem cake followed by poultry manure was superior to cowdung with regard to yield and quality parameters (Table 4) . The application of neem cake manure produced superior yield attributes like more number of mother rhizomes per plant -1 (1.75), more number of primary rhizomes per plant -1 (5.19), secondary rhizomes per plant -1 (18.03) and tertiary rhizomes per plant (7.69). Similarly the same treatment expressed the best in terms of size of mother rhizome (7.69 cm), primary rhizome (21.86 cm) and secondary rhizomes (7.05 cm). All these parameters in cumulative produced the Table 3 . Vegetative growth and biomass production of turmeric as influenced by different organic manure respectively). The highest curing percentage (20.28) was excelled by the T 3 treatment having mustard cake@ 2.0 t/ha followed by T 1 treatment. Harvest index in all the organic manure management was almost similar except control. With regard to curcumin recovery percentage on turmeric, among the treatments, neem cake gave highest (3.73%) followed by T 3 treatment with mustard cake @2.0 t ha -1 (3.76%). Curcumin content was not statistically significant among the treatments. The lowest yield, yield attributes and quality was observed in control treatment. Although the yield and quality of turmeric was evidently the superior in the T 4 treatment having neem cake @ 2.0 t/ha comparing with other organic manure impact, it was however, statistically similar to another treatment T 2 having poultry manure@ 7.0 t/ha except curcumin content percentage. Neem cake provided the best option for production of turmeric being an exhaustive crop because neem cake acts as usual fertilizer with pesticidal properties and enhances the organic carbon content of soil. Beside these, neem cake is an effective nitrogen inhibitor which helps of extends the availability of nitrogen for such high exhaustive crop; hence, the productivity of turmeric was probably increased. Previous studies reported that organic fertilizer improved soil productivity and fertility, which improved yield and quality of such long duration crop like turmeric (Hossain & Ishimine, 2007; Velmurugan et al., 2007; Mohapatra & Das 2009; Roy et al., 2010; Dinesh et al., 2010) . Moreover, Manhas & Gill (2010) found that application of FYM increased the growth, dry matter accumulation, yield and quality of turmeric.
Conclusions
It is concluded that application of cow dung, poultry manure, mustard cake and neem cake have significant influence on growth and yield parameters and quality of turmeric. However, plants with neem cake performed better in terms of yield and yield attributes than that of other manures. Therefore, a fertilization strategy that involves organic manure is crucial for nutrient exhaustive crops like turmeric for commercial cultivation.
